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1 Introduction
At the RAN#91-e meeting, the following topic was added in the WID on ePositioning: 
	· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
-	UE-initiated request of on-demand DL PRS transmission; 
-	LMF (network)-initiated request of on-demand DL PRS transmission; 
-	Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
-	DL NR positioning methods and RAT-independent positioning methods 
-	Support of UE positioning measurements for UEs in RRC_INACTIVE state
-	Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
	Note:	this work will be coordinated with the SDT WI. 
-	As 2nd priority:
-	UL and DL+UL NR positioning methods
-	Support of gNB positioning measurements for UEs in RRC_INACTIVE state



In this paper, we present our views (from RAN1 perspective) with regards to the following 2 topics:
· On Demand PRS
· RRC Inactive Positioning
2 On Demand PRS
On-Demand DL-PRS refers to the capability to allow a UE or LMF to request DL-PRS for positioning measurements or a change an available DL-PRS such as an increase in resources assigned for DL-PRS transmission (e.g. increased bandwidth, increased duration of positioning occasions and/or increased frequency of positioning occasions, etc.) and possibly to indicate when (increased) DL-PRS transmission is no longer needed. 
Initial discussion on this topic at RAN2#113bis resulted in the following agreements [2]:
Agreements:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
[bookmark: _Hlk71006549]The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.

We believe that it is within RAN1 scope to decide which parameters should be able to be requested/recommended by UE/LMF within the on-demand PRS framework. RAN2 could work on the signaling details and the changes needed in the high-layer procedures of the corresponding specifications. 
Proposal 1:	With regards to the On-demand PRS, the set of DL-PRS parameter which can be requested by UE/LMF should be decided by RAN1.
For this reason, we provide a below a list of parameters and a short justification into why we believe it will be useful for a UE or an LMF to be able to request for changes with regards to these parameters. 
· Time-domain characteristics of PRS:
· It will be beneficial for a UE/TRP to be able to request/recommend a different set of repetition factors or duration of a PRS resource (e.g. if a UE has bad coverage, or if a UE is required to perform more Rx beam sweeping on the same PRS resource). Therefore, being able to recommend/request the duration of PRS, repetition factor, and time gap will be useful.
· Frequency-domain characteristics of PRS:
· It is known that bandwidth of a PRS is one of the major parameters that control the  accuracy of the timing-based methods. A UE could be in a bandwidth-limited scenario and request for a larger bandwidth of a PRS. A UE may be in a SNR-limited scenario and actually request a smaller bandwidth of a PRS so that the power per RE may be increased. A UE/LMF could send such indication or request a PRS with a different BW so that it can address SNR-limited or BW-limited scenarios differently. 
· Number of Frequency Layers: Having multiple frequency layers can be useful to extra uncorrelated measurements across different bands. For example, it may be that the LOS in one band is obstructed as shown in the figure below, whereas in the other band it is not. A UE could determine, by observing the differences in the time of arrival across multiple frequency layers whether the LOS is obstructed or not. 
[image: ]
· Spatial-domain characteristics of PRS:
· A UE/LMF should be able to request a different set of TRPs to transmit PRS to accommodate scenarios of bad GDOP, or generally bad positioning geometry. For example, if a UE observes that measurements from a TRP are always very low quality, it could recommend to turn it off, and suggest a TRP in a different direction.
· Similarly, even across the beams of a specific TRP, a UE/LMF may observe that specific PRS resources are not useful for positioning, or the measurements are of low quality, and suggest to turn them off temporarily. Furthermore, a UE/LMF could request/recommend more beams to be transmitted to try to get a better performance, especially when it comes to DL-AoD methods.

Proposal 2:	For on-demand DL-PRS, the LPP Request Assistance Data message can include the explicit parameter list for a desired DL-PRS configuration.
· We provide below a first table with our views on what a UE or an LMF should be able to request/recommend with regards to the time, frequency, spatial transmission characteristics.
Requested DL-PRS configuration information
	Information 
	UE-Initiated
	LMF-Initiated

	DL-PRS Start Time and Duration
	Yes
	Yes

	Desired Number of TRPs
	Yes
	No

	SSB Configuration for requested TRPs
	Yes
	No

	Desired Beam Direction
	Yes
	No

	CHOICE A: Pre-defined Configuration:
	
	

	DL-PRS Configuration Identifier
	Yes
	Yes

	COICE B: DL-PRS Configuration Parameter:
	
	

	Maximum Number of Frequency Layers
	Yes
	Yes

	DL-PRS Positioning Frequency Layer Information:
	
	

	DL-PRS Subcarrier Spacing
	No
	No

	DL-PRS Resource Bandwidth
	Yes
	Yes

	DL-PRS Start PRB
	No
	No

	DL-PRS PointA
	No
	No

	DL-PRS Comb Size N
	No
	Yes

	DL-PRS Cyclic Prefix
	No
	No

	DL-PRS Configuration per Frequency Layer:
	
	

	DL-PRS ID / PCI, ARFCN / NCGI
	Yes
	No

	Maximum Number of DL-PRS Resource Sets
	Yes
	Yes

	DL-PRS Resource Set Information:
	
	

	DL-PRS Resource Set ID
	Yes
	Yes

	DL-PRS Periodicity and Resource Set Slot Offset
	Yes
	Yes

	DL-PRS Resource Repetition Factor
	Yes
	Yes

	DL-PRS Resource Time Gap
	Yes
	Yes

	DL-PRS Number of Symbols
	Yes
	Yes

	DL-PRS Muting Option 1
	No
	Yes

	DL-PRS Muting Option 2
	No
	Yes

	DL-PRS Resource Power
	No
	Yes

	Maximum Number of DL-PRS Resources per Set
	Yes
	Yes

	DL-PRS Resource Information:
	
	

	DL-PRS Resource ID
	Yes
	Yes

	DL-PRS Sequence ID
	No
	Yes

	DL-PRS RE Offset
	No
	Yes

	DL-PRS Resource Slot Offset
	No
	Yes

	DL-PRS Resource Symbol Offset
	No
	Yes

	DL-PRS QCL-Info
	Yes
	Yes



3 RRC Inactive Positioning
With regards to the topic of RRC Inactive Positioning, initial discussion on this topic at RAN2#113bis resulted in the following agreements:
Agreements:
WA: Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume supported by AS layers.  I.e. RAN2 do not specify a restriction on message type.
FFS if LPP needs to select transport, i.e. if the message is just submitted to lower layers which decide how to deliver it (SDT, change state, etc.).
FFS if RRC state is exposed to LPP.

Even though we believe that most of the discussion on RRC Ianctive Positioning could stay within RAN2 scope in this release, the aspects that need to be discussed within RAN1 are related to the following items:
· Enabling RS for Positioning in RRC Inactive (we refer to it as SRS-SDT)
· We believe that reusing SRS will be the most appropriate reference signal for the purpose of RRC inactive Positioning using UL or DL+UL methods. It will result to the minimal specification impact and ensure that all the NR Rel-16 progress on the SRS for Positioning will be applicable for RRC inactive Positioning
· The SRS-SDT configuration can be provided in the RRC Release message (similar to the CG-PUSCH configuration)
· TA validation for SRS-SDT
· An LS was sent from RAN1 to RAN2 with regards to TA validation for CG-SDT (R1-2104012) and with regards to the RSRP change criterion. 
· For the purpose of keeping the specification impact small, we propose TA validation procedures applicable to CG-SDT to also be applicable to SRS-SDT
· For example, If a UE gets an SSB-To-PUSCH mapping for the purpose of measuring a subset of SSBs to derive RSRP (and eventually determine whether the RSRP change criterion should be triggered or not), the UE could use the same subset of SSBs for the purpose of TA validation applicable for both CG-PUSCH and SRS.
· Power control and Spatial relation for SRS
· In the provided SRS-SDT configuration, a UE can be configured with pathloss references of SSB or PRS for Open Loop power control (similar to connected SRS).
· In the provided SRS-SDT configuration, a UE can be configured with spatial relation references for Tx beam determination (similar to connected SRS).
Proposal 3: With regards to the RRC Inactive Positioning and enabling UL & DL+UL Positioning method, we make the following proposals from RAN1 perspective:
· Enable transmitting SRS for Positioning during RRC Inactive State
· Provide the SRS-SDT configuration in the RRC Release message
· TA validation procedures applicable to CG-SDT to also be applicable to SRS-SDT
· SRS-STD configuration may contain path loss references and spatial relation references for the purpose of open loop power control and Tx beam determination of the SRS-SDT during the RRC Inactive state. 
4 Conclusions
Overall, we make the following proposals:
Proposal 1:	With regards to the On-demand PRS, the set of DL-PRS parameter which can be requested by UE/LMF should be decided by RAN1.
Proposal 2:	For on-demand DL-PRS, the LPP Request Assistance Data message can include the explicit parameter list for a desired DL-PRS configuration.
· We provide below a first table with our views on what a UE or an LMF should be able to request/recommend with regards to the time, frequency, spatial transmission characteristics.
Requested DL-PRS configuration information
	Information 
	UE-Initiated
	LMF-Initiated

	DL-PRS Start Time and Duration
	Yes
	Yes

	Desired Number of TRPs
	Yes
	No

	SSB Configuration for requested TRPs
	Yes
	No

	Desired Beam Direction
	Yes
	No

	CHOICE A: Pre-defined Configuration:
	
	

	DL-PRS Configuration Identifier
	Yes
	Yes

	COICE B: DL-PRS Configuration Parameter:
	
	

	Maximum Number of Frequency Layers
	Yes
	Yes

	DL-PRS Positioning Frequency Layer Information:
	
	

	DL-PRS Subcarrier Spacing
	No
	No

	DL-PRS Resource Bandwidth
	Yes
	Yes

	DL-PRS Start PRB
	No
	No

	DL-PRS PointA
	No
	No

	DL-PRS Comb Size N
	No
	Yes

	DL-PRS Cyclic Prefix
	No
	No

	DL-PRS Configuration per Frequency Layer:
	
	

	DL-PRS ID / PCI, ARFCN / NCGI
	Yes
	No

	Maximum Number of DL-PRS Resource Sets
	Yes
	Yes

	DL-PRS Resource Set Information:
	
	

	DL-PRS Resource Set ID
	Yes
	Yes

	DL-PRS Periodicity and Resource Set Slot Offset
	Yes
	Yes

	DL-PRS Resource Repetition Factor
	Yes
	Yes

	DL-PRS Resource Time Gap
	Yes
	Yes

	DL-PRS Number of Symbols
	Yes
	Yes

	DL-PRS Muting Option 1
	No
	Yes

	DL-PRS Muting Option 2
	No
	Yes

	DL-PRS Resource Power
	No
	Yes

	Maximum Number of DL-PRS Resources per Set
	Yes
	Yes

	DL-PRS Resource Information:
	
	

	DL-PRS Resource ID
	Yes
	Yes

	DL-PRS Sequence ID
	No
	Yes

	DL-PRS RE Offset
	No
	Yes

	DL-PRS Resource Slot Offset
	No
	Yes

	DL-PRS Resource Symbol Offset
	No
	Yes

	DL-PRS QCL-Info
	Yes
	Yes



Proposal 3: With regards to the RRC Inactive Positioning and enabling UL & DL+UL Positioning method, we make the following proposals from RAN1 perspective:
· Enable transmitting SRS for Positioning during RRC Inactive State
· Provide the SRS-SDT configuration in the RRC Release message
· TA validation procedures applicable to CG-SDT to also be applicable to SRS-SDT
· SRS-STD configuration may contain path loss references and spatial relation references for the purpose of open loop power control and Tx beam determination of the SRS-SDT during the RRC Inactive state. 
5 [bookmark: _Ref450583331]References
[1] RP-210903, "Revised WID on NR Positioning Enhancements".
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